Problems of lignin formation have long occupied the attention of investigators, however, neither the physiological nor chemical mechanisms involved in lignification is known in detail. Nevertheless, a considerable body of knowledge has accumulated through the investigations of Freudenberg, Nord, Brown, Wardrop, and others (4, 5, 6, 10, 13, 15, 23) , especially on the biochemistry, histochemistry, and enzymology of lignification.
Investigations using model systems have contributed information on precursors, their transformations, (10, 17, 21) and biophysical factors in formation of lignin polymers (18) . Although phenylpropane dehydrogenation polymers formed in model systems are not identical with specific lignins, they belong to this group of natural products (1, 3) .
Indoleacetic acid (IAA) may regulate lignin formation. It inhibits lignification and other peroxidations in model systems (18, 19, 21) yet indirectly promotes xylem regeneration (11) , presumably by inducing formation of vascular peroxidase (7, 8, 12) . Antioxidant activity has been found in organic nitrogen compounds, including IAA, which possess mobile electronic systems (16, 19, 20) and provides a new experimental approach to the study of hormones and regulatory processes.
Our object is presenting evidence for the oxidation-regulating properties of several substances of biochemical interest, and the evaluation of antioxidants as possible factors in lignification.
MATERIAL AND METHODS BIOASSAY SYSTEM: Vascular bundles of celery (Apiutn graveolens) removed as long strands, virtually free of cortical tissue, are used as a model lignifying system. The composition and properties of the synthetic lignin and its soluble derivative have been reported (18) . The product approximates natural lignins (1, 3) . The soluble derivative appears to consist of trimeric units containing double linked phenylpropane residues, as in the Freudenberg benzofuran structure. This work is in accord with the proposed conversion of eugenol to lignin via coniferaldehyde (1, 10 Corp.). Measurements were made at 15 sec intervals for 120 sec. For calculating inhibition the reaction rate during the first 60 sec was used. Triplicate measurements usually agreed to ±+1 %. The eugenol peroxidation system was similar to that for pyrogallol, but used 0.002 M substrate and 0.005 M H202. The major products in vitro of eugenol peroxidation are dimeric substances resembling lignins in composition (18) . Measurements were made at 10 sec intervals, and for calculating inhibition the overall 30 sec rate was used. (table I) . Inhibitors of radical-initiated chain processes increase the induction phase of these reactions, and may be compared on this basis (2, 22) .
The induction time Ti, was computed graphically as shown in fig. 1 .
Although coniferaldehyde forms through slow autoxidation of eugenol (10) The low inhibitory efficiency of indole is associated with its rapid peroxidation to an insoluble violet indigoid compound. The 5-hydroxyindoles, which were unexpectedly inefficient are readily peroxidized to 5,6-dihydroxyindoles, thence to quinones. The enhancement of lignin formation by quinones will be treated below.
Inhibitory activities are also unequal in the two in vitro systems. Eugenol oxidation is generally the more sensitive reaction, and is affected by some compoun(ds, notably isonicotinyl-hydrazine, which are devoid of activity when pyrogallol is used as a substrate.
The two eugenol systenms responded to added IAA in a qualitatively similar fashion (fig 2) . The sigmoid curve described is commonly associated with inhibitors of radical-initiated reaction chains (2, 22) . This comparison emphasizedl the sensitivity of the in situ lignin-forming system.
The existence of a chain mechanism in the enzymatic oxidation of eugenol was first suggested by its autocatalytic character (fig 1) . Preliminary kinetic studies show that neither Ti nor the post-induction rate is first order with respect to peroxidase or peroxide as they should be in a non-chain process (2. 14, 22). The exact values are yet to be (letermined, but are definitely not integral.
Two substances used for the studv of radical- . DISCUSSION AND CONCLUSIONS The data presented here show that IAA, other indoles, and organic N compounds behave as antioxidants in phenol oxidations of biological interest. Altliugh antioxidant efficiency varies with the system, it is appreciable in both eugenol oxidations studied. Efficiency depends in part upon specific reactants, as is shown by comparison of two peroxidase substrates, eugenol and pyrogallol: I. pyrogallol is oxidized about 500 times faster than eugenol; II. pyrogallol oxidation is initially first order in time whereas eugenol oxidation is autocatalytic (fig 1) , and exhibits other features suggesting a chain reaction; III. eugenol and its oxidation products possess far more hydrocarbon character than pyrogallol or its derivativ es. Pyrogallol, therefore, should be oxidized to purpurogallin rapidly through reversible formation of shortlived radical intermediates, with the entire reaction sequence localized on the enzyme surface. In contrast, oxidation of weakly bound eugenol should proceed through reversibly formedI long-lived, rea(lil) desorbed radicals, easily accessible to catalytic reducing agents or chain-terminating scavengers. The appearance in solution of a long-lived intense yellow intermediate during peroxidation of eugenol, and the inhibition of lignin formation by pyrogallol lend support to this picture (17, 18) .
Among the nmethods used in detecting and studying of ra(lical-initiatecl chain processes are I. hydroxylation of benzene. II. polvmerization of added vinyl monomer, and TTI. inhibition by one-electron trapping agents. Of these, II can be effected by xanthine oxidase, but neither I nor II can be carrie(d out with hydroperoxidases (14) . In spite of the arguments against free-radical mechanisms in hemoprotein catalysis, there are convincing thermodynamic arguments in its favor (9) . Leach (14) suggests that radical initiation is obscured by competitive OHconsuming reactions. Further, the body of chemical evidence which may be applied to the stiidy of phenol oxidation (14, 22) demonstrates the importance of radical intermediates in these reactions.
The generation of anions from phenols undoubtedly represents an inmportant ionic process in these reactions, but the oxidation itself almost certainly proceeds via one-electron steps (22) . Thus, the controversy noted above, seems to apply to the behavior of H,O0-peroxidase only in the absence of phenolic substrates.
The relative efficiencies of antioxidlants or scavengers in autoxidations and polymerizations vary wi(lely (2, 22 
